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BACKGROUND: Spirometry, the measurement of forced expiratory volume in 1 s and forced vital capacity, is recommended in the diagnosis and management of the obstructive lung diseases asthma and chronic obstructive pulmonary disease (COPD). The present report describes spirometry use in Manitoba and tests the hypothesis that regional spirometry use correlates with the prevalence of physiciandiagnosed obstructive lung diseases. METHODS: Spirometry is remunerated on a fee-for-service basis by Manitoba Health. Like other physician services, billing data include a diagnosis, patient identifiers, as well as the patient's sex, date of birth and residential postal code. Physician billings for spirometry for 1991 to 1998 were analyzed, comparing data with billings for physician visits for obstructive diseases. Four age groups were examined, as were income quintiles in Winnipeg, Manitoba. In addition, the prevalence of physician-diagnosed obstructive diseases were compared with spirometry rates in 49 service use areas of the province. RESULTS: Annually, about 3% of the Manitoba population underwent spirometry, and in aggregate, about 14% underwent spirometry during the eight years of the study. Rates in Winnipeg were higher than in the remainder of the province. Spirometry rates did not increase with time, and people who underwent spirometry had 1.4 to 1.7 tests/year. In children, higher income quintiles were tested more than lower income quintiles, while in adults, income quintiles were tested with equal frequency. People with obstructive lung disease accounted for about 75% of those tested, and in people with these diagnoses, the likelihood of testing increased approximately linearly with the number of physician visits for asthma or COPD. Children with asthma were tested less often than adults, and adults with asthma or both asthma and COPD were tested more often than those with COPD alone. In adults with asthma or asthma and COPD who had more than 10 physician visits for these diagnoses, testing rates were more than 70%, and multiple tests were common. In patients labelled with COPD only and with more than 20 physician visits, about one-third did not undergo spirometry. In children aged five to 14 years and in adults 15 to 44 years old, regional spirometry rates correlated well with regional asthma rates. Regional spirometry rates also correlated significantly with regional rates of asthma and/or COPD in people older than 34 years old. INTERPRETATION: Spirometry use is considerably higher in patients with asthma than in patients with COPD, suggesting that guidelines are followed more closely in patients with asthma, and that many patients are labelled with COPD without appropriate documentation. Spirometry use is apparently indicative of physician interest in the problem of obstructive lung diseases. S pirometry, the measurement of the forced expiratory volume in 1 s (FEV 1 ) and forced vital capacity (FVC), is the basic lung function test recommended in all patients suspected of having obstructive pulmonary disease. Both the Canadian and American Thoracic Societies have published guidelines recommending spirometry in these diseases as an initial diagnostic tool and as a key method of assessment in follow-up (1) (2) (3) (4) . It is not clear how commonly spirometry is used in the medical community at large. In Manitoba, spirometry is remunerated on a fee-for-service basis, and the physician must include the patient's health care number in billing for the service. Bills are submitted to Manitoba Health, which administers the provincial health care plan. Thus, the Manitoba Health database describes, generally speaking, who has undergone spirometric testing, and this can be related to other physician services that also identify the patient and include a diagnostic label. We used the Manitoba Health database to assess the degree of use of spirometry, with a focus on spirometry use in patients with diagnoses of asthma and chronic obstructive pulmonary disease (COPD).
We also anticipated that the use of spirometry would show substantial regional variation and related this variation to the prevalence of physician-diagnosed obstructive lung diseases, testing the hypothesis that spirometry use is a marker of the likelihood of the diagnosis. That is, if spirometry were important in the diagnosis of obstructive disease or if spirometry use indicated heightened diagnostic sensitivity to obstructive disease, then the prevalence of obstructive diseases should correlate with spirometry use among communities.
METHODS
As noted above, Manitoba Health maintains a database of physician services that includes a patient's personal health insurance number, sex, date of birth and residential postal code. These can be compared with the Manitoba Population Registry, also maintained by Manitoba Health. After approval from the University of Manitoba's Committee on the Ethics of Human Experimentation and from the Access Committee of Manitoba Health, data files were obtained with unidentifiable personal health insurance numbers of Manitobans who had undergone spirometry and who had received physician services for obstructive lung diseases during the years 1991 to 1998, inclusively.
The Manitoba physicians' fee schedule includes three tests that involve spirometry. 'Simple spirometry' is the measurement of the FEV 1 and FVC. 'Forced expiration' includes measurement of the maximum midexpiratory flow rate in addition to the FEV 1 and FVC. 'Expiratory flow-volume curve' includes measurements of instantaneous expiratory flows, as well as the FEV 1 and FVC. These billings were analyzed without distinguishing among them; when more than one test on the same day was billed, all but the first test were discarded, so that only one test per day was counted.
Spirometry billings for 1991 to 1998 were examined year by year and over the eight years combined. When combined data were related to the provincial population, analyses was restricted to people who were Manitoba residents in 1998, noting the prevalence and frequency of spirometry in these people over the previous eight years. Spirometry data were analyzed as functions of sex and age, income quintile, place of domicile and place where spirometry was performed. Age groups studied were five to 14 years, 15 to 34 years, 34 to 59 years and older than 60 years. Place of domicile was defined as either in Winnipeg, Manitoba or elsewhere in the province (termed rural), except in the analysis of small area variation, for which 49 service use areas were used that were previously defined in studies of Manitoba health care use (5) . The place where spirometry was performed was defined by physician billings as either being performed by Winnipeg physicians or those who practised elsewhere. The influence of income quintile was studied only in Winnipeg. Patients' postal codes were related to census tracts with known average family income; these were divided into quintiles, so that a patient's home postal code signified an income quintile. In rural areas, family income may vary considerably in a single postal code, so that a single figure for average family income is less representative than in Winnipeg.
The lung diseases studied were asthma (International Classification of Diseases Ninth Revision [ICD-9] code 493); bronchitis not specified as acute or chronic (ICD-9 code 490); and COPD, including chronic bronchitis (ICD-9 code 491), emphysema (ICD-9 code 492) and chronic airway obstruction (ICD-9 code 496). The number of physician visit claims for each of these diagnoses was enumerated for each patient over the eight years of the study. When data aggregated over eight years were related to the provincial population, only residents of Manitoba in 1998 were considered. Claims were grouped as to number and diagnoses (bronchitis, asthma and COPD). Often, patients were labelled as having more than one of these diseases. These patients were segregated according to their diagnostic labels: asthma and bronchitis, asthma and COPD, bronchitis and COPD, and all three diagnoses together.
Income quintiles were analyzed for linear trends, and service areas were compared using linear regression. Slopes and differences among age groups and regions were compared using t testing. P<0.05 was considered statistically significant.
RESULTS
In each of the eight years examined, about 3% of Manitobans aged five years and older underwent spirometry. The average annual rate was significantly (P<0.0001) higher in Winnipeg residents than in rural residents (3.5% compared with 2%), and in both groups of residents, the rates changed little with time. Of the residents of Manitoba in 1998, approximately 13% of those aged five years and older underwent spirometry at some point during the previous eight years -15% for residents of Winnipeg and 10% for residents of rural areas. Over the eight-year study period, Winnipeg residentsabout 60% of the provincial population -accounted for about 70% of all spirometry performed in the province, which was almost always performed in Winnipeg. About one-half of the spirometric testing of rural residents was performed in Winnipeg as well. Figure 1 shows spirometry rates in the province in 1998 according to age group and sex. Rates differed little in the younger three age groups and increased in people older than 60 years. In the pediatric age group and in those older than 60 years, more men were tested than women, and the reverse was true for those between the ages 15 and 59 years. Similar patterns were observed in other years in people from both Winnipeg and rural areas. Patients who underwent spirometry averaged 1.4 to 1.7 tests/year, counting only one test per day; the highest figures applied to the oldest age group. The number of tests per year per patient did not vary over time and were not different between residents of Winnipeg and residents of rural areas. Figure 2 shows spirometry use in Winnipeg residents analyzed according to income quintile. The data show the percentage of residents of Winnipeg in 1998 that had at least one test over the eight years of the study. In children, there was a significant linear trend, with spirometry more common in high income quintiles than in low income quintiles (P=0.011). In the other income groups, systematic differences according to income quintile were not evident.
Of people aged five years and older who lived in Manitoba in 1998, 39% were diagnosed at least once during the preceding eight years as having bronchitis, asthma or COPD -with 40% diagnosed in Winnipeg and 37% in rural areas. Bronchitis and asthma were common in all age groups, and COPD was uncommon in people younger than 35 years of age. During the study period, about 87% of children and over 74% of adults who underwent spirometry had physician claims for one of these diagnoses; these percentages did not differ between Winnipeg and rural areas. The likelihood of spirometric testing increased more or less linearly with the number of physician visits for obstructive disease (examples are shown in Figure 3 ). Of patients who had only one claim for obstructive disease, less than 30% underwent spirometry, while about 50% of patients with four to nine physician visits for asthma or COPD underwent spirometry. About 80% of patients with more than 20 claims for asthma underwent spirometry, while for COPD, this was the case in about 60% of patients. Patients with claims for both asthma and COPD had spirometry rates similar to those with asthma alone, given a similar number of visits to physicians. In patients labelled with bronchitis only, spirometry rates were substantially lower ( Figure 3) , and in patients with diagnoses of asthma or COPD, the additional label of bronchitis did not influence spirometry rates. Therefore, bronchitis was not analyzed further as a separate diagnostic category, but physician visits for bronchitis in patients labelled with COPD or asthma were enumerated as visits for obstructive disease.
In all diagnostic categories, the rate of testing was 5% to 10% higher in Winnipeg residents than the provincial average, while that of rural residents was lower. In adults, testing rates for common obstructive diseases varied little among age groups. Testing rates for asthma were lower in children aged five to 14 years than in older age groups. Table 1 shows the number of spirometric tests performed on different days over the eight-year study period in people aged 15 years or older with obstructive disease. The testing rate increased with the number of physician visits. Multiple tests were more common in patients labelled with asthma or asthma and COPD than in patients labelled with COPD only. More COPD patients did not have any tests, and among patients who underwent spirometry, patients with COPD underwent fewer tests than those labelled with asthma or both asthma and COPD.
For the population living in each of 49 service use areas in 1998, the percentages of people who underwent spirometry and who had physician-diagnosed obstructive disease in the preceding eight years were estimated. In northern areas with scattered settlements, 2% to 3% of the population underwent spirometric testing during 1991 to 1998, while in some other service use areas, this was true of nearly 25% of the population. Spirometry rates in several small southern communities were higher than in Winnipeg. Among service use areas, spirometry rates were compared with the frequency of asthma in children aged five to 14 years and in people aged 15 to 34 years. In people aged 35 years and older, spirometry rates were compared with the frequency of people labelled with COPD, asthma or both.
In children, spirometry rates varied from 1% to 2% to nearly 14% among service use areas, while the rate of asthma diagnosis varied from 9% to 27%. Asthma frequency was correlated with the frequency of spirometry (r=0.55, COPD Chronic obstructive pulmonary disease Figure 3 ) Percentage of patients with diagnostic labels of bronchitis, asthma and chronic obstructive pulmonary disease (COPD) that underwent spirometry (ordinate) over the eight years of the study (1991 to 1998) as a function of the number of physician visits (abscissa) for these diagnoses. Data from patients with more than one of these diagnoses are not shown Figure 4 , Top). A similar result was obtained in young adults (r=0.73, Figure 4 , Middle), in whom spirometry rates varied from about 2% to 20%, and asthma diagnosis rates varied from 4% to 19%. In people aged 35 years and older, spirometry rates varied from 5% to 27%, while the rates of physician-diagnosed obstructive disease varied from about 8% to nearly 30%. Again, the frequency of spirometry was significantly correlated with the frequency of diagnosed obstructive disease (r=0.33, Figure 4 , Bottom), although there was more scatter than observed in the younger age groups.
DISCUSSION
We believe that we were able to access data on nearly all of the spirometric testing performed in Manitoba because of the strong fiscal incentive implicit in the billing process. We missed data on some hospital-based tests carried out by respiratory therapists who did not bill Manitoba Health, but these tests were likely carried out on patients who also had spirometry that was interpreted by physicians, and therefore, the patients were probably captured by the billing system. However, our estimates of the frequency of spirometric testing were, if anything, an underestimate.
The frequency of spirometric testing was recently studied in Ontario and found to vary substantially among regions (6) . However, testing was not related to diagnoses or to individual patients, so no conclusions could be drawn regarding the appropriateness of the procedure (7) .
Manitoba has one large city, Winnipeg, with about 60% of the provincial population, and a disproportionately rich supply of specialists and pulmonary function laboratories; a substantial fraction of the province's rural population lives close enough to Winnipeg to use Winnipeg facilities for much of its health care. For reasons that are not clear, the prevalence of physician-diagnosed obstructive diseases is higher in Winnipeg than in the remainder of the province (8) . These factors probably account for the preponderance of testing in Winnipeg and that spirometry rates were higher in Winnipeg residents than in those from the remainder of the province. Nevertheless, in some of the 49 communities examined individually, greater fractions of the population were tested than in Winnipeg, and in these communities, the majority of tests were performed outside of Winnipeg, presumably locally. Thus, community spirometry rates appeared to reflect not only the influence of Winnipeg, but also whether the local family practitioners billed for the tests; where this occurred, spirometry rates were high. Despite these differences, age and sex distributions of the people tested did not differ between Winnipeg and rural areas, nor did the number of tests per patient tested; repeat tests were as common in rural residents as in residents of Winnipeg.
The sex distribution of spirometric testing mirrored the prevalence of obstructive disease. Asthma is more prevalent in boys than in girls, but the reverse is true for adults aged 15 to 59 years. COPD is largely a disease of people older than age 60 years, among whom it is very common, affecting men more than women. Spirometry rates in children were similar to those of young adults (Figure 1 ), while children with asthma were tested less often than adults. This is accounted for by the relatively high prevalence of asthma in children. The relatively low rate of testing in children with asthma probably reflected the fact that some five-to 10-year-old children are very difficult to test with reliable results. In Winnipeg, there was a bias favouring the testing of children from upper income quintiles. This probably reflected referral patterns and not overall access to care, because physician visits for obstructive diseases were at least as common in children from low income quintiles as from other quintiles (9) .
Many patients who had multiple visits for obstructive diseases had been tested at some time during the eight years we studied. The number of tests per patient increased with number of visits. The number of visits reflected a combination of disease severity and the fraction of the observation period that patients had the diagnoses of interest, and given the chronic nature of these diseases and the time frame used, multiple physician visits should not have been unusual. More than 60% of the patients who had more than 10 physician visits for asthma or COPD underwent spirometry, and of patients with more than 30 visits for asthma, and asthma and COPD, well over one-half of them had four or more tests. Of interest, among adults, spirometry rates in people labelled with asthma differed little from those labelled with both asthma and COPD, and both were distinctly higher than in people labelled with COPD only, irrespective of the number of physician visits. Indeed, 39% of patients labelled with COPD who had more than 10 physician visits did not undergo any spirometry testing during the eight-year study period; this was the case for 25% of adults labelled with asthma and 22% of those labelled with both asthma and COPD.
Comparing our results quantitatively with other studies of spirometry use in the literature is difficult, given our sampling frame and that we were able to recover data from the whole province. However, previous studies of patient records for both asthma and COPD have concluded that spirometry was underused (10, 11) . Further, surveys of physician attitudes have shown that primary care providers use spirometry much less than recommended in asthmatics (12) (13) (14) . In the present study, about 60% of adults with 10 or more visits for asthma or asthma and COPD underwent spirometry at least twice; therefore, this aspect of their care may have been in accordance with guidelines. On the other hand, more than one-fifth of patients with 10 or more physician visits for these diagnoses did not undergo testing, and spirometry was used even less in patients labelled with COPD only. Thus, while one could argue that a substantial fraction of patients with obstructive disease, especially those labelled with asthma, underwent spirometry according to guidelines, it is indisputable that many patients did not, especially if they were labelled with COPD only. The present study therefore agrees with others, concluding that spirometry is underused. The publication of guidelines for obstructive diseases probably did not influence spirometry use in Manitoba, because there was no increase in testing in the years that we studied, which covered the guideline releases.
We hypothesized that when small areas were compared, spirometry use would correlate with the prevalence of physician-diagnosed obstructive disease, and this was the case (Figure 4 ). This is compatible with the finding that spirometry is important in making the diagnosis of obstruc-tive disease or, more likely, that spirometry use was indicative of physician sensitivity to the problem of obstructive disease. However, in people aged 35 years and older, area spirometry use and the rate of physician-diagnosed obstructive disease, including COPD, were less well related than spirometry and asthma rates in children and young adults. This was puzzling, because spirometry is a much better diagnostic test in patients with COPD than in patients with asthma, but it was consistent with our other data indicating that spirometry rates are higher in patients labelled with asthma, with or without the additional label of COPD, than they are for patients labelled with COPD only. Apparently, many Manitoba physicians are comfortable diagnosing and managing COPD without spirometry, although experts argue that spirometry defines the syndrome.
